robot manipulators based on the topology of the 5R mechanism alleviating its drawbacks incorporating 37 additional kinematic elements.
38
In this work two 2R serial kinematic chains working as two end-effectors are assembled to the 39 upper links of the 5R mechanism yielding a hybrid robot manipulator (HRM). For simplicity, the 40 5R mechanism is chosen as a symmetric planar parallel manipulator. The rest of the contribution is 41 organized as follows. In section 2 the HRM and its geometry is briefly described. The displacement 42 analysis is presented in section 3 for the sake of completeness. The inverse-forward displacement 43 analysis is easily approached based on simple closure equations The instantaneous kinematics, up to 44 the acceleration analysis, is approached in section 4. With the purpose to exemplify the method in 45 section 5 a case study is provided. Finally, some conclusions are given at the end of the contribution. end-effectors sharing a five-bar planar mechanism. The five-bar mechanism is a planar parallel 58 mechanism which owing its two degrees of freedom is used for positioning a point on a region of the 59 workspace. The five bars are serially connected by means of revolute joints where conveniently the 60 two revolute joints mounted on the base link are actuated.
61
In order to explain the geometry of the HRM let us consider that XY is a reference frame attached 
Displacement analysis

80
In this section the finite kinematics of the HRM manipulator is presented. The forward displacement analysis consists of finding the coordinates of the output point G = (X G , Y G ) given the lower generalized coordinates q i . Since G is described by the vector g g g then the analysis may be solved based on the following two closure equations
in which p p p i = o o o i + aâ a a i whereâ a a i = cos q iî i i + sin q iĵ j j. Meanwhile the dot (·) denotes the inner product of three-dimensional vector algebra. From expressions (1) one obtains two quadratic equations in the unknown coordinates X G and Y G which may be reduced after a few computations into two simple equations as follows
where the coefficients K 1 and K 2 are given by
As it was expected, given the parameters of the 5R mechanism and the lower generalized coordinates 87 q 1 and q 2 , the output point G can reach at most two positions. The inverse displacement analysis of the 5R mechanism consists of finding their configurations given the coordinates of point G, e.g., it is required to compute the lower generalized coordinates q i given the coordinates of point G. To this end from Eq. (1) an expression of the form
is easily derived in which the coefficients are given by
Equation (3) yields a quadratic equation in the unknown sin q i as follows
Therefore there are four possible solutions for the inverse displacement analysis of the 5R mechanism. 
The confirmation of the equivalence of the velocity state of rigid body as a twist about a screw is one of the most relevant contributions of the theory of screws to the study of the kinematics of rigid body, specially in the field of robot kinematics, e.g., assuming that m is the end effector of an open kinematic chain while 0 is the base link then the velocity state of m as measured from 0 may be expressed as a linear combination of the infinitesimal screws representing the kinematic pairs of the open chain as follows
where k−1 ω k is the joint rate between the adjacent bodies k − 1 and k while O is the reference point for computing the Plücker coordinates of the infinitesimal screws, also known as the reference pole. 
where r r r * /O is the position vector of * with respect to O. 
where 
where 0 ω i 1 =q i is the ith lower generalized velocity.
116
In order to obtain the linear input-output equation of velocity of the 5R mechanism let us consider that T T T i is a line in Plücker coordinates directed from P i to G, e.g. T T T i = (b b b i , 0 0 0) advised that G is the reference pole. The application of the Klein form of the line T T T i to both sides of expression (11) with the reduction of terms leads to
Hence, after a few computations the linear input-output equation of velocity of the 5R mechanism results in is the first-order driver matrix of the 5R mechanism.
120
In order to compute the passive joint velocity rates 1 ω i 2 and 2 ω i 3 , a necessary step for approaching the acceleration analysis, let us consider two lines in Plücker coordinates for each leg of the 5R mechanism: i) U U U i is a line pointed from O i to G, i.e. U U U i = (û u u i , 0 0 0) whereû
is a line pointed from O i to P i , i.e. S S S i = (â a a i ,â a a i × r r r G/O i ). Thus by taking advantage of the concept of reciprocal screw it follows that
Finally, once the joint velocity rates 1 ω i 2 and 2 ω i 3 are computed, the angular velocity vector ω ω ω is (17) and (14).
122
In what follows the acceleration analysis of the 5R mechanism is presented. The reduced acceleration state of point G may be written as 0 A A A G G = (α α α, a a a G − ω ω ω × v v v G ) . However, it is evident that due to the planar nature of the robot manipulator at hand some terms of the accelerator vanish, 
where
T is the second-order driver matrix of the 5R mechanism. Furthermore, the 127 passive joint acceleration rates are given by
Instantaneous Kinematics of the Open Chains
129
Once the passive joint velocity rate 1 ω i 2 was computed, see Eq. (14), the velocity state of the ith end-effector may be determined as follows
Furthermore, according to the theory of helicoidal vector fields, the velocity state of the ith end-effector considering point E i as the reference pole is given by and then the computation of the required values ofq i andq i is straightforward by resorting to Eq. (19).
135
With the purpose to approach the acceleration analysis let us consider that the accelerator of the ith end-effector may be written in screw form as follows
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As it was expected, the solution of the forward acceleration analysis of the HRM is unique while
136
for the inverse acceleration analysis we have an infinite of solutions, a virtue of the redundancy of 137 HRM. On the other hand, by resorting to the theory of helicoidal vector fields it follows that the 138 reduced acceleration state of the ith end-effector taking E i as the reference pole may obtained as
where α α α Ei is the angular acceleration vector of the ith end-effector while a a a Ei is the linear acceleration 140 vector of point E i .
141
Numerical Example
142
In order to show the application of the method of kinematic analysis, in this section a case study 143 is provided. In that concern it is interesting to take into account that Huang [9] applied a parametric 
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